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- VARIATION WITH MACH kJ&ER OF STATIC AND TOTAL..

PRESSURES THROUGH VARIOUS SCREENS

/
By Alfred A. Adler

SUMMARY

Tests were conducted in the Langley 24-inch h@h-
speed tunnel to ascertain the static-pressure and total-
pressure losses through screens ranging in mesh from
3 to 12 wires per inch and in wire diameter from 0.023
to 0.041 inch. Data were obtained from a Mach number
of approximately 0.20 up to *he maximum (choking) Mach
number obtainable for each screen.

The results of this investigation indicate that
the pressure losses increase with increasing Mach number
until the choking Mach ntiber, whlc-n can be computed, is
reached. Since choking imposes a restriction on the
mass rate of flow and maximum losses are incurred at
this condition, great care must be taken in selecting
the screen mesh and wire diameter for an installation
so that the choking Mach number is not approached at
the maximum operating velocity.

INTRODUCTION

In the design of’ducts for aircraft it has become
necessary to know the losses in static and total pressure
through screens Installed within these ducts. Data on
the losses through screens at low speeds have long been
available, but for current aircraft ductlng problems
data on the losses through screens at high speeds are
necessary. Tests were therefore conducted in the
Langley 24-inch high-speed tunnel to ascertain the
stfiic-pressure and total-pressurd losses through
screens ranging in mesh .from 3 to 12 wires per inch and
in wire diameter from 0.023 to 0.041 Inch, at Mach
numbers from approximately 0.20 td the maxi..mum(choking)
Mach number obtainable for each screen.
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SYMBOIS

.

M Mach number @cad of screen
,

‘choke choking Mach niunber, also known as limiting
Mach number, the Mach number ahead of
screen at which a Mach number of 1 is
obtained completely across openings in
screen

AH

AP

m

d

s

‘1

U2

total-pressure loss through screen

static-pressure drop through screen

dynamic pressure ahead of screen

section drag coefficient
(
Drag/Unit area

q )

mesh, wires per inch .

wire diameter, inch “

-/screen solidity, ratio of blocked area to

(original free area 2md - )m2d2

density ahead of screen

velocity ahead of screen

velocfty downstream from screen

A?PARATUS AND l$ETHODS

The Langley 2&inch high-speed tumel, in which
thess tests were run, is a nonreturn, Induction-type”
tunnel with the induction nozzle pieced downstremn from
the test section (reference 1). The total pressure
throughout the test section is therefore equal to atmos-
pheric pressure, except for a negligible loss through the
entrance screens.

b
.

.

Each screen was supported for tests within a
16-inch length of seamless steel tubing having an inside

diameter of ~ inches (fig. 1), which was mounted
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longitudinally in the test section

‘f +7
inch-diameter steel cables.

3

of the tunnel by means

TlieMach number was determined from the static
pressure ahead of the screen, which was measured by means
of two diametrically opposed static-pressure orifices
located in the walls of the supporting tube 3 inches
ahead of the screen. The static pressure behind the
screen was measured by means of two additional statio-
pressure orifices located at a distance of 4 inches”
behind the screen. The total-pressure loss through the
screen was taken as the difference between atmospheric
pressure and the total pressure as indicated by two
tubes placed behind the soreen with the noses in the
same plane as the static-press~e orifices.” The tube-
entrance losses were assumed to be negligible.

RESULTS AKD DISCUSSION

l’hedata for all the screens teste,dare presented
in figures 2 and 3, which show the static-pressure drop
and total-pressure loss, respectively, plotted against
Mach number. The data show, mainly, that both static-
pressurs drop and total-pressure loss, in percent of
dynamic pressure, increase with increasing Mach nwber
until the highest obtainable test Mach number is reached.
This Mach number is known to correspond to the choked
condition, since further increase in tunnel speed dtd
not inorease the Mach number ahead of the screen.

.The data of figures 2 and 3, plotted In terms of
screen solidity rather than mesh and wire diameter, are
presented In figures 4 and ~. From these figures it
can be seen that the pressure losses are dependent only
on screen solidity and Mach number within tinerange of
this investigation.

Figure 6
Mach number.
obtained from

shows drag coefficient c
!?

plotted c.gainst
These values of drag coef Icient were
the equation,

cd =

.. . . . ------ .-.”.
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This equation was derived on the assumption that oon-
ditlons were uniform across the wake. AS was e~ected,
the data show that the drag coefficient increases with
Increase in Mach nuniber.

Since ohoklng of the-flow through a tube occurs “ “
when a Maoh number of 1 As reached at the cross seotion
of minimum area, ohoking of the flow would be e~ected
to occur when a Maoh number of 1 Is obtained conipletely
across the openings in the screen. This choking fixes
a llmit to the ~aoh number that can be obtainedtin the
flov!ahead of the screen. There are now two possi~
bilities. If the total.pressure ahead of the screen Is
maintained constant, no further Increase in mass rate of
flow Is possible. ~ de=eases in back pressure mill “ .
only Increase the losses through the screen. If, how-
ever, the total pressure ahead of’the screen is
inoreased - as is possible in flight - the mass rate of
flow can be increased. This incredse in mass rate of
flow mill be accompanied by large losses and will pro-
gress at a far lesser rate than for speeds below .
ohoking. It is highly desirable therefore that care be
taken In the selection of screen mesh and wire diameter
so that the ohoking Maoh number Is not approached at
the maximum operating veloolty, The following equation,
derived from the continuity eq~ation, the
and Bernoulli~s equation for ocunpresslble
the speed at which this ohoklng occurs to
variables:

adiabatic lawj
flow, relates
the screen’

*choke1- 2md+#d2=

0.579 (1 + O=woh ?)5

Th2s relation, presented graphically in figure 7
terms of the screen vsrlables and in figure 8 in

in
terms

of screen solidity, shows good agreemen~ with the
experimentally determined choking E#aohnumbers.

CONCLUDING REHARRB

Tests in the Lan@ey2h4noh high-speed tunnel to
ascertain the static- and total-pressure losses through
screens indicate that the losses increase with increasing

,

.
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Mach number vmti 1 tke
computed, is reached.

5

on ‘themass rate & flow and.because ioayhm losses
me incurred at this condition, ~Peat care must be taken
in selecting the screen mesh and wire diamei’er for an
ills %allat ion s o t.~at We choking l{ack mmber is not
a?~pi~o ached.at the maximum opegating w-e10ci’ty.

Langley Memorial Ae~onau~i c al I@.~orat or~
l?a~i@nal A~viscmy C cmmiitee for Aeronautics

Langley Held, Va.

1. Stack, John, Lindsey? W* Fe, =@ Li-t~ellj~~be:~t~C :
Tfi.e~cmpressibility Burble and the Effect Of CQZ.-
press ib”ility on pressures and Forces Acting on an
Airfoil. IL4CARep. No. 646, 1$)~8.
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Maoh number until the choking 14aclhnumber, ~hi~ Cm be
mqmted, is reached. Bemuse choking inqosea a restriction
on the Dressrate of flow and because Maximum losses
are Incurred at this condition, great care must be tak8n
in selecting the screen mesh and mire diameter for an
fl~tdhtlon so that the ohoking Maoh number is not
approached at the maximum operating veloci’ty.
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